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0 Pleated balloon dilatation catheter and method of manufacture. 



0 A balloon dilatation catheter (14) Is provided with 
a pleated balloon defining at least three pleats (46) 
and alternating wings (48). When the balloon, col- 
lapses, It tends to assume a pleated configuration 
which defines a lower profile and is better adapted to 
pass through narrow channels, such as a guide 
catheter. The balloon is formed from a polymeric 



material in a method that involves the steps of 
extruding a tube having at least three circumferen- 
tially spaced, longitudinally extending segments of 
less wall thickness than the remainder of the tube, 
and biaxially stretching the tube to a predefined 
shape while maintaining the longitudinal segments of 
reduced wall thickness. 
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PLEATED BALLOON DILATATION CATHETER AND METHOD OF MANUFACTURE 



FIELD OF THE INVENTION 



This invention relates to balloon catheters used 
for dilatation procedures. 



BACKGROUND OF THE INVENTION 



Balloon dilatation catheters are used for a vari- 
ety of medical procedures, including dilation of 
obstructed body lumens, such as blood vessels, 
coronary arteries and the esophageal tract. In par- 
ticular, such catheters are used in angioplasty pro- 
cedures to enlarge the lumen of a blood vessel 
which is consti^icted or stenosed by arteriosclero- 
sis. . 

In a type of angioplasty known as percuta- 
neous transluminal coronary angioplasty (PTCA). 
dilatation catheters are used in conjunction with a 
guide catheter through which the dilatation catheter 
is inserted and guided to the desired location in the 
body lumen. In a typical PTCA procedure, the 
guide catheter is percutaneousiy introduced into 
the patient's arterial system and is fiuoroscopically 
guided to the entrance to the coronary artery. A 
dilatation catheter, having a balloon at Its distal 
end. then is passed through the guide catheter, so 
that the balloon extends beyond the distal end of 
the guide catheter into the coronary artery. The 
catheter then is manipulated to place the balloon 
(deflated) into the obstruction. Once the balloon is 
placed within the obstruction, it is inflated to dilate 
the obstructed lumen. 

The balloon of the dilatation catheter must be 
deflated to a low profile in order for it to be passed 
through the guide catheter and, more particularly, 
through the stenosis. The balloon is deflated by 
applying negative pressure to the balloon through 
an inflation/deflation lumen that extends from the 
proximal end of the catheter to the interior of the 
balloon. The configuration assumed by the balloon 
upon deflation presents a problem in catheter utili- 
zation. Typically, the balloon forms a pair of op- 
posed, radially-extending, flat wings, when col- 
lapsed under the influence of negative pressure, as 
shown in Fig. 1. To insert the balloon into the 
lumen of a guide catheter, the physician must 
manually wrap the wings about the catheter shaft 
prior to insertion into the guide catheter. The re- 
duced profile of the balloon, caused by the wrap- 
ping, facilitates insertion of the balloon into the 
guide catheter and the obstruction. However, after 
the balloon has been inflated in the patient and it is 



desired to recollapse the balloon, the balloon will 
again tend to assume the two wing configuration. 
The radial extent of the opposed wings may make 
it difficult for the balloon to refold as it is withdrawn 

5 into the guide catheter or if it is desired to recol- 
lapse the balloon and advance it to another stenos- 
ed location. In the latter case, the radial extending 
wings may make it more difficult for the balloon to 
be inserted into the stenosis. 

10 A desirable feature of a balloon dilatation cath- 
eter, therefore, Is a balloon which has a reduced 
profile to facilitate insertion into a guide catheter 
and a vascular stenosis, without the need to man- 
ually wrap the balloon about the catheter shaft. 

75 The foregoing problem has not gone unrecog- 

nized as evidenced by proposed devices to pro- 
vide a means for causing a dilatation balloon to be 
wrapped closely about a catheter shaft to form a 
reduced profile. For example, see U.S. Patent 

20 4,292,974, issued to Fogerty. Notwithstanding such 
proposals, there remains a need for a simple effec- 
. five means to facilitate collapse of a dilatation bal- 
loon to a low profile. 

A further problem encountered in using dilata- 

25 tion balloon catheters is the failure of the balloon to 
deflate, following dilatation of the obstruction. Be- 
cause of a malfunction in the catheter itself, the 
dilatation balloon may fail to deflate when aspi- 
rated. In these instances, the balloon must be in- 

30 tentionaily destroyed before withdrawal through the 
guide catheter. The balloon is destroyed by inflat- 
ing the balloon to a pressure at which the balloon 
wall ruptures or bursts. Unfortunately, many current 
dilatation balloons have burst pressures which ex- 

35 ceed the delivery capabilities of most clinical infla- 
tion devices, often requiring burst pressures in ex- 
cess of 20 Bars. Such pressure may rupture the 
body lumen as well as the dilatation balloon, there- 
by creating an undesirable hazard to the patient. A 

40 further desirable feature of a dilatation catheter, 
therefore, is to provide a balloon having an artifi- 
cially lower burst pressure to facilitate easy de- 
struction of the balloon, if necessary. 
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SUMMARY OF THE INVENTION 



In accordance with the invention, a balloon for 
a dilatation catheter has at least three 
longitudinally-extending segments of reduced wall 
thickness. In particular, the segments form fold 
lines, extending longitudinally of the balloon and 
causing the balloon to collapse into a pleated con- 
figuration when aspirated. When inflated, the pleats 
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expand so that the balloon forms the cylindrical 
configuration desired for dilatation. The pleated bal- 
loon of the present invention defines wings having 
shorter radial dimensions. The wings are more 
easily collapsed. They define a reduced profile 
when collapsed to facilitate insertion and withdrawal 
through a guide catheter as well as a stenosis. The 
present invention further provides a dilatation cath- 
eter having the balloon described above, as well as 
a tubular extrusion from which the balloon may be 
made. 

Another object of the invention relates to a 
method for forming a pleated balloon. A tubular 
extrusion of a polymeric material is formed having 
a plurality of circumferentially-spaced, 
longitudinally-extending lines defined by less wall 
thickness than the remainder of the tube. The bal- 
loon is formed by biaxially stretching the tubular 
extrusion, in accordance with the method described 
in United States Patent 4,440,421, Issued to Levy. 

1t is among the genera! objects of the invention 
to provide a balloon configuration for a dilatation 
catheter which incorporates an improved means for 
collapsing the balloon to a low profile. 

Yet another object of the present Invention is to 
provide a catheter having a dilatation balloon which 
collapses in a manner that defines at least three 
pleats and alternating wings. 

A further object of the present invention is to 
provide a method for forming a pleated balloon. 

Yet another object of the present Invention is to 
provide a dilatation catheter having a balloon 
which, when withdrawn through the lumen of a 
guide catheter, will reduce the risk of damage to 
the balloon wall. 

A further object of the present invention is to 
provide a dilatation catheter having a balloon with a 
predetermined burst pressure. 

Still another object of the invention is to pro- 
vide a dilatation balloon which, when the balloon 
bursts, does so along the length of the balloon. 

DESCRIPTION OF THE DRAWINGS 



The foregoing and other objects and advan- 
tages of the invention will be appreciated more 
fully from the following further description thereof, 
with reference to the accompanying drawings 
wherein: 

Fig. 1 is an enlarged longitudinal sectional il- 
lustration of the distal end of a dilatation catheter 
of the present invention; 

Fig. 2 is a cross-sectional illustration through a 
dilatation balloon shoving the manner in which 
typical prior art dilatation balloons collapse to 
form a pair of diametrically opposed wings; 



Fig. 3 is a sectional illustration of the dilatation 
catheter balloon of Fig. 1 as seen along lines 3- 
3 of Fig. 1; 

Fig. 4 is a sectional illustration of the balloon of 
5 Fig. 3 in which three pleats are formed when in 
an evacuated, collapsed configuration; 
Fig. 5 is a sectional illustration of an alternate 
embodiment of the balloon of Rg. 3 in which 
four pleats are formed when in an evacuated, 
70 collapsed configuration; 

Fig. 6 is a sectional illustration of .an alternate 
ennbodiment of the balloon of Rg. 3 in which 
five pleats are formed when in an evacuated, 
collapsed configuration: and 
76 Fig. 7 is a cross-sectional illustration of a tubular 
extrusion used in the method of manufacturing 
the pleated balloon of the present invention. 

20 DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Fig. 2 illustrates, diagrammatically. the cross- 

26 sectional configuration assumed by a typical dilata- 
tion balloon 10 when the balloon is aspirated by 
applying negative pressure to the balloon interior, 
causing it to deflate. Balloon 10 forms a pair of 
diametrically opposed wings 12 as the balloon col- 

30 lapses. The physician typically must manually wrap 
the wings 12 about the catheter shaft 16, creating a 
low profile configuration which permits easy inser- 
tion of the dilatation catheter into the lumen of a 
guide catheter. Difficulty may arise, following the 

35 dilation procedure, either when it is desired to 
withdraw the dilatation catheter through the lumen 
of the guide catheter or when it is desired to 
deflate the balloon and reposition it at another 
vascular location to perform another dilatation. In 

40 particular, the diametrically opposed wings 12 may 
not wrap closely about the catheter shaft as the 
catheter is withdrawn back into the guide catheter 
or is repositioned within the arteries. Instead, the 
wings may catch on the distal opening of the guide 

45 catheter or may preclude reinsertion of the balloon 
into another stenosis. 

In accordance with the present invention, a 
deflated dilatation balloon has a low profile configu- 
ration having at least three pleats and alternating 

50 wings. When such a balloon is collapsed, each of 
the wings is relatively short, in its radial extent, and 
collapses more readily about the catheter shaft. 
When inflated, the balloon assumes a cylindrical 
configuration. 

65 In accordance with one embodiment of the 
present invention.as shown in Figs 1 and 3, a 
dilatation catheter 14 includes an elongate flexible 
shaft 18 having a dilatation balloon 20 carried at 
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the distal end of the shaft, An inflation lumen 22 
extends through shaft 18 from the proximal to the 
distal end and is In fluid communication with the 
interior of balloon 20. The proximal end of the shaft 
(not shown) is adapted to be connected to a suit- 
able fitting, such as a iuer fitting, by which an 
inflation/deflation device such as a syringe may be 
connected. Shaft 18 may be formed from an appro- 
priate polymeric material as will be appreciated by 
those familiar with the art. 

Dilatation balloon 20 includes an elongate cy- 
lindrical portion having a pair of tapered conical 
sections 24 and 26 at its distal and proximal ends, 
respectively- A distal collar 28 and a proximal collar 
or an elongate sleeve 30 extend from conical ends 
24 and 26, respectively. The dilatation balloon may 
be formed from a polymeric material such as poly- 
ethylene terephthalate and may be formed in ac- 
cordance with the method of the present invention, 
as described hereinafter. 

Proximal sleeve 30 is adhesively attached to 
the distal end of shaft 18 as shown in Fig. 2. A 
support wire 32 extends through lumen 22, the 
interior of balloon 20. and distally therebeyond. The 
annual space surrounding support wire 32 provides 
an annular inflation/deflation lumen in fluid commu- 
nication with the interior of balloon 20. The support 
wire 32 has a tapered distal tip which extends into 
and is attached to a helically-wound radiopaque 
coil 34. Coil 34 has a distal tip 36 terminating with 
a rounded weld bead 38. The distal collar 28 of 
balloon 20 is adhesively attached to the proximal 
end of coil 34, as shown in Fig. 2. The distal tip 36 
of coil 34 may include a bendable, stainless steel 
shaping ribbon 40, which is secured to the distal tip 
of support wire 32 at one end and to weld bead 38 
at the other end. 

Catheter 14 may include a radiopaque marker 
band 42. securely attached to support wire 34, near 
the proximal portion of balloon 20. The marker 
band provides a means by which the physician can 
fluoroscopically verify the position of balloon 20. 

Fig. 3 is a sectional illustration of the dilatation 
balloon 20 as seen along lines 3-3 of Fig, 1. By 
way of example, in a catheter adapted for coronary 
arterial use, the balloon of the dilatation catheter 
illustrated may have an inflated diameter of be- 
tween 1.5 mm to 4.0 mm. The cylindrical midpor- 
tion of balloon 20 may be 2 cm long. The end 
cones 24 and 28 may be about 4 to about 7 mm 
long. It should be understood, however, that the 
invention contemplates use in dilatation balloons 
other than for coronary angioplasty use and that 
the dimensions of such other balloons may vary 
from those illustrated and described herein. 

The wall of balloon 20 is relatively thin. By way 
of example, for a balloon having an inflated diam- 
eter of 3.0 mm, an appropriate wall thickness would 



be between about 0.00025" to about 0.00050". The 
cones 24, 26 and collars 28. 30 may be thicker 
because they are expanded to a lesser degree than 
the cylindrical midportion of the balloon during the 

5 balloon fabrication process, discussed below. 

As shown in Fig. 3, balloon 20 has a plurality of 
circumferentially spaced lines 44 of reduced wall 
thickness. Lines 44 extend longitudinally of balloon 
20, as shown in in phantom in Fig. 2. For a dilata- 

70 tion balloon of about 3.0 mm diameter having a 
wall thickness from between 0.00025" to 0.00050", 
the wall ' thickness at lines 44 may be approxi- 
mately 0.00025". Lines 44 extend longitudinally of 
balloon 20 from distal collar 28 to proximal sleeve 

76 30. 

When balloon 20 is deflated by aspirating infla- 
tion lumen 22, the balloon collapses more easily 
along the lines 44 to create a substantially reduced 
profile characterized by three pleats 46 disposed 
20 intermediate three wings 48. It will be appreciated 
that the radial extension of each of the wings 48 of 
balloon 20 is considerably less than the radial 
extension of wings 12 in the unpleated balloon of 
Fig. 1. 

25 The reduced profile assumed by balloon 20 
upon evacuation not only minimizes the necessity 
for the balloon to be wrapped prior to insertion into 
the guide catheter, but substantially reduces the 
chance of damage to the balloon wall upon with- 

30 drawal through a guide catheter. It increases the 
ability of the deflated balloon to pass through tight 
stenoses. The reduced profile of balloon 20 pre- 
vents the balloon from being caught at the distal 
end of a guide catheter and substantially reduces 

36 the surface area of the balloon which is in contact 
with the guide catheter lumen during withdrawal. 

Figs. 5 and 6 show alternate embodiments of 
the pleated dilatation balloon of Fig. 4. In Fig. 5, a 
pleated balloon 50 has a collapsed configuration 

40 about catheter shaft 52 which is characterized by 
four pleats 56 disposed intermediate wings 58. The 
folding of balloon 50 into the illustrated configura- 
tion results from four lines of reduced wall thick- 
ness formed along the balloon. Similarly, as shown 

45 in Fig. 6. a five pleat balloon 60 has a collapsed 
configuration about catheter shaft 62 which is char- 
acterized by five pleats 66 intermediate five wings 
68. From a comparison of Figs. 4, 5 and 6. it can 
be appreciated that the profile of the pleated bal- 

60 loon decreases as the number of pleats increase. 
Generally, the larger the diameter of the balloon, 
the greater the number of pleats which may be 
formed into the balloon. 

A further advantage of the present invention is 

55 that the lines extending longitudinally of the balloon 
may be manufactured to provide a minimum burst 
strength for the balloon. Presently, if a balloon does 
not deflate when desired, a practitioner may over 
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inflate the balloon to intentionally rupture the bal- 
loon wall, causing immediate deflation of the bal- 
loon and enabling withdrawal of the balloon from 
the lumen. Lines 44 of Rg. 3 may be formed so as 
to serve as rupture points which would insure that 
the burst pressure of balloon 20 would not exceed 
the delivery capability of a selected clinical inflation 
device. A pleated balloon in accordance with the . 
present invention may have a minimum burst pres- 
sure of 16 to 18 Bars compared to the 20 Bar 
minimum burst pressure of some dilatation bal- 
loons. 

The invention is also useful In balloons where 
the nature of the material or balloon geometry is 
such that the balloon is susceptible to damage 
from handling and use. In some instances, it has 
been the practice to thicken the wall of such a 
balloon in order to make it more resistant to dam- 
age. An undesired by product of such a thickened 
balloon wall, however, may be that the burst pres- 
sure is increased far beyond that needed for the 
intended application. With the present invention, 
such a balloon may have the increased wall thick- 
ness while maintaining an acceptable burst pres- 
sure. 

A method for making a pleated balloon in ac- 
cordance with the present invention involves ex- 
truding a tube of polymeric material, such as poly- 
vinyl chloride, polyethylene, or polyethylene 
terephthalate so as to have at least three 
circumferentially-spaced elongated segments of 
less wall thickness than the remainder of the tube. 
As shown in Fig. 7. a tube 60 is formed of rela- 
tively thick wall portions 63. 65 and 67 which are 
disposed intermediate relatively thin walled por- 
tions 62. 64 and 66. In the Fig. 7 embodiment, thin 
walled portions are defined by chorda! flats formed 
in an angular spacing of 120* circumferentially 
about the tube. Each of the flats may define a 
chord corresponding to approximately 10% of the 
outer circumference of the tube. By way of exam- 
ple, for a polyethylene terephthalate tube intended 
to be formed into a 3.0 mm diameter balloon, the 
tube may have an Inner diameter of about 0.0169", 
having thick walled portions of about 0.0050", the 
thin walled portions of the tube should be about 
0.0038". The thin walled portions 62. 64 and 66 are 
implemented as thin lines which extend longitudi- 
nally of the extruded tube 60. A balloon formed 
from tube 60 preferentially collapses at thin walled 
portion 62. 64 and 66 while the thick walled por- 
tions 63, 65 and 67 project radially outward to form 
the wings. 

Following extrusion of tube 60. the tube is then 
blow molded in accordance with the techniques 
disclosed in U.S. Patent 4.490,421, and U.S. Patent 
Application Serial No. 001,759, filed January 9. 
I987,the disclosures of which are incorporated 



herein by reference. Once tube 60 has been ex- 
truded, the tube is inserted into a mold chamber. 
Upon heating the chamber, the tube Is heated by 
convection and radiation thereby softening the tube 

5 material. It will be appreciated that certain poly- 
meric materials do not require heating to soften the 
tube material. Tube 60 is then axially stretched 
while positive pressure is simultaneously applied to 
the interior of the tube. The radial expansion, caus- 

70 ed by the positive pressure on the tube Interior, 
during axial stretching establishes biaxial stretching 
of the tube. The biaxial stretching is maintained 
until the tube assumes the shape of the mold. . 
It should be noted that the cones and . neck 

75 portions of the balloon also are formed from the 
tube 60 having alternate thjck and thin wall por- 
tions. As a result, the cones 24. 26 of the balloon 
also define a pleated arrangement and will tend to 
collapse into the pleated configuration when the 

20 balloon is aspirated. This may effectively reduce 
the angle made by the cone and may facilitate 
entry of the balloon into a tight stenosis. Addition- 
ally, by including the pleats in the cone regions, it 
may be possible to form balloons in which the 

25 cone regions fold down closely to the shaft. 

From the foregoing, it will be appreciated that 
the invention provides a dilatation balloon having a 
tendency to collapse into a pleated configuration 
forming at least three or more pleats and alternat- 

30 ing wings, the radial extension of such wings being 
relatively small. The pleated balloon folds more 
easily as it is withdrawn through the guide catheter. 

Thus it will be appreciated that the invention 
provides a new and improved pleated balloon con- 

35 figuration for a dilatation catheter by which the 
balloon may be more readily contracted to a low 
profile, as well as a method for forming such a 
pleated balloon. It should be understood, however, 
that the foregoing description of the invention Is 

40 intended merely to be illustrative thereof and that 
other modifications in embodiments may be appar- 
ent to those skilled in the art without departing from 
its spirit. For example, the invention has been illus- 
trated in connection with a coronary dilatation cath- 

45 eter, it may be used with other balloon catheters 
such as peripheral blood vessel dilatation catheters 
or esophageal catheter. Additionally, although the 
illustrative embodiment has been described in con- 
nection with a balloon made from polyethylene 

50 terephthalate, which is relatively inelastic, (non- 
compliant) the invention also may be incorporated 
in balloons formed from more compliant materials, 
such as polyvinyl chloride or polyethylene. 

Having thus described the invention, what I 

55 desire to claim and secure by letters patent is: 
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1 . A dilatation catheter comprising: 

an elongate flexible shaft having at least one lumen 
extending therethrough from its proximal to its dis- 
tal end; 

a dilatation balloon mounted on the distal end of 
the shaft and in fluid communication with the 
lumen, the balloon having at least three longitudi- 
nally extending segments of less wall thickness 
than the remainder of the balloon; and 
a fitting for connecting the lumen with an inflation 
and deflation device. 

2. A dilatation catheter as defined in claim 1 
wherein the segments are fold lines, extending lon- 
gitudinally of the balloon. 

3. A dilatation catheter as defined in claims 1 or 2 
wherein the balloon, when deflated, forms at least 
three pleats about the shaft. 

4. A balloon dilatation catheter as defined in claim 
1 wherein the balloon is inelastic. 

5. A balloon dilatation catheter as defined in claim 
4 wherein the balloon is formed from polyethylene 
terephthalate. 

6. A balloon dilatation catheter as defined in claim 
4 wherein the balloon is formed from polyethylene. 

7. A balloon dilatation catheter as defined in claim 
4 wherein the balloon is formed from polyvinyl 
chloride. 

8. A dilatation catheter as defined in claim wherein 
the catheter comprises an angioplasty catheter. 

9. A dilatation catheter as defined in claim 8 
wherein the catheter comprises a percutaneous 
transluminal coronary angioplasty catheter. 

10. A balloon for a dilatation catheter comprising: 

a tubular polymeric member having at least three 
segments of reduced wall thickness extending lon- 
gitudinally of the balloon; 

the balloon being formed to collapse under the 
influence of reduced internal pressure into a con- 
figuration defined by at least three longitudinally 
extending pleats and alternating wings. 

11. A balloon as defined in claim 10 wherein the 
segments are lines extending longitudinally of the 
balloon. 

12. A tubular extrusion having at least three 
circumferentially-spaced, longitudinally-extending 
segments of less wall thickness than the remainder 
of the extrusion, 

13. A tubular extrusion as defined in claim 12 
wherein the segments are lines extending longitudi- 
nally of the extrusion. 

14. A tubular extrusion as defined in claim 12 
wherein the extrusion is comprised of a polymeric 
material. 

15. A method for forming a pleated balloon for a 
dilatation catheter comprising: 

extruding a tube having at least three longitudinally 
extending segments of less wall thickness than the 



remainder of the tube; and 

biaxially stretching the tube to a predefined shape. 

16. A method for forming a pleated balloon as 
defined in claim 15 wherein the step of biaxially 

5 stretching the tube comprises: 

axially stretching the tube while applying positive 
pressure to the interior of the tube at least during 
the axial stretching. 

17. A method for forming a pleated balloon as 
70 defined in claim 15 further comprising: 

heating the tube at least after the step of extruding. 

18. A method for performing a dilatation procedure 
in a lumen of a patient comprising: 

inserting a guiding conduit to a region to be di- 
75 lated; 

providing a dilatation catheter having a balloon that 
collapses under the influence of negative pressure 
to a configuration having at least three longitudi- 
nally extending pleats and alternating wings; 
20 deflating the balloon to the collapsed configuration; 
passing the catheter with the collapsed balloon 
through the guide conduit and out the distal end of 
the guide conduit; 

inflating the balloon to perform a dilatation and then 
25 deflating the balloon to the collapsed configuration: 
and 

removing the catheter through the guiding conduit 
while the wings of the balloon wrapped about the 
catheter. 

30 
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